Introduction
Supply chain management (SCM) has become more important than ever before due to globalization, elimination of cross country barriers, increasing customer expectations (faster deliveries, more variety, lower prices, no errors in ordering or transaction, etc.) and growing environmental importance placed on production and logistics operations (Kotzab et al., 2011) . Due to the intensifying impact of globalization, more and more companies operate in larger supply chains which results in an increasing need for skilled employees trained in supply chain and logistics management (Erturgut, 2011) . As a result of these factors, the demand for logistics and supply chain education has been increasing (Lancioni et al., 2001 ), resulting in a severe shortage of talent (Cottrill, 2010) .
In order to meet this shortage of supply chain talent , a number of SCM specific education alternatives are generally offered at graduate level either as a module [1] However, such SCM related programmes appear to be designed on a rather ad hoc basis, depending on the availability of faculty and their research areas in the school offering the programme (Ozment and Keller, 2011) . This has led to an unbalanced representation of knowledge and skills areas since the available resources tend to be limited and consequently, the weight of supporting disciplines (e.g. management, quantitative methods, information systems, marketing, finance) differ. Also, additional topics, such as relationship building, collaboration, coordination and skills related to organizational behaviour and psychology are included in SCM related education programmes. Due to the expedient design of supply chain programmes, the emphasized and the neglected knowledge and skills areas critical for the supply chain education are still unclear (Myers et al., 2004; Ballou, 2007; van Hoek, et al., 2011) .
A number of studies have attempted to identify the critical knowledge and skills areas for SCM education; however, consensus has not yet been reached regarding the classification and content of such areas (Murphy and Poist, 1991 , 1998 , 2007 Gammelgaard and Larson, 2001; Myers et al., 2004) . The problem is that there are a number of programmes offering SCM related graduate level education, but the characteristics of these programmes and how they converge to, and diverge from, each other are yet to be revealed through objective evaluation.
Such evaluation should be based on a clear classification of knowledge and skills areas offered in these programmes. Therefore it is important to understand the characteristics of knowledge and skills provided in these programmes to determine the emerging patterns in the delivery of graduate education in SCM and to use these results to enhance programme assessment and design. Building on our expertise in designing and teaching graduate programmes in supply chain management, we research a sample of SCM related graduate programmes delivered in Europe to address the following research questions:
(1) What are the knowledge and skills areas incorporated into SCM related graduate programmes?
(2) What are the emerging patterns and similarities, if any, in these programmes? In order to address these questions we study a small sample of SCM related graduate programmes that are highlighted by the European Logistics Association (ELA, 2004) . The ELA is a federation of 30 national organisations, covering almost every country in Central and Western Europe. The rationale behind our selection of this sample is the fact that the ELA formulates European Logistics Education Standards and encourages its member nations to accept these standards on a pan-European basis. This choice of sample selection also allowed us to undertake comparative analysis of the programmes in 2004 and 2011 using the data collected by means of desk research, and to reveal emerging trends in SCM education at graduate level. The remaining sections of this paper explore the extant literature relating to supply chain education, our methodological approach, research findings and discussion.
Supply Chain Education
Supply chain management teaching spans multiple disciplines and uses an increasing amount of methods that demonstrate the complexity associated with this growing discipline (Johnson and Pyke, 2000) . Many engineering and business schools offer integrated programmes for supply chain management. However, universities are often perceived to have an overly theoretical approach to delivering what could be regarded as highly practical topics and they design curricula which are dense with theory and rigour but lacking practical information and knowledge applicable to the business environment (Ankers and Brennan, 2002) . In the search for what universities provide in terms of SCM education, we identify key papers that approach the issue from 'knowledge' and 'skills' perspectives.
Description of knowledge and skills areas in supply chain education
There are a number of knowledge and skills areas that have been emphasized by a number of previous studies which we summarize in this section. For example, Murphy and Poist (1991) categorize the necessary skills of logistics managers as business skills, logistics skills and management skills. They determine the importance of skills to the companies researched and identify transportation and logistics, general business administration and business ethics as the most important skills areas. In terms of logistics skills; traffic / transportation management, customer service and warehousing are regarded as the most important areas, whereas in terms of managerial skills; personal integrity, ability to motivate and ability to plan are the most critical skills. Building on the findings of this research, the authors later explain the subareas included in these skills (Murphy and Poist, 1998) . Their results demonstrate an overlap between the three skills areas, i.e. management related skills, such as human resources management or strategic management, are included under business skills.
Also management skills largely include soft skills, such as communication or leadership.
Almost 10 years later they revisit this study to reveal emerging trends in SCM (Murphy and Poist, 2007) and conclude that supply chain management related skills have become the highest ranked within the business skills category. Mangan and Christopher (2005) Ballou (2007) attributes SCM the same importance as marketing or finance in an organization and considers purchasing (procurement), production and logistics as functions of supply chain. Sodhi et al. (2008) analyse the online advertisements of supply chain management jobs for MBA graduates and also measure the relative coverage of the same supply chain topics in modules offered at business schools. They classify supply chain topics as location and supply chain design, transportation and logistics, inventory and forecasting, marketing and channel restructuring, sourcing and supplier management, information and electronic mediated environments, product design and new product introduction, service and after-sales support, reverse logistics and green issues, outsourcing and organizational alliances, metrics and performance, and global issues. They categorize supply chain electives and operations management core modules in 21 of the 50 business schools in the United States based on these codes and conclude that there may be an undersupply of practice-or process-oriented topics, such as forecasting, procurement, supplier and vendor management, contracts and negotiation while there may be an oversupply of conceptual and strategy-oriented topics, such as product design, supply chain design, and emerging information technology and management information. Gravier and Farris (2008) consider the SCM related knowledge and skills areas within the broad area of SCM with particular emphasis on IS / IT and soft skills.
Analysing the future of logistics education, Ozment and Keller (2011) highlight management, marketing and finance in addition to the core area of SCM. Similarly, Vokurka et al. (2011) , emphasise management, quantitative methods, IS / IT and finance and point the problem as the lack of defined competencies required by supply chain professionals. In addition to the abovementioned studies at programme level, Kopczak and Fransoo (2000) design a Global Project Coordination module at Master's level to develop the key capabilities in SCM education. They identify the knowledge and skills areas to be included in this module as project management and consulting skills, SCM knowledge, IS theory, soft SCM issues (risk sharing, competitive strategy, selling) and the ability to work in cross cultural, global teams.
Synthesis of knowledge and skills areas in supply chain education
SCM exists as a fragmented discipline, housed in a range of departments at universities including production management, marketing, industrial engineering, management science or supply chain management (Gravier and Farris, 2008) . Having identified the key literature on supply chain management education and descriptions of knowledge and skills areas offered on such programmes, we now synthesise the knowledge and skills areas explained in Section 2.1. in Table 1 ; this synthesis sets the foundation of our research. Since our review concerns SCM education, SCM knowledge appears as the core knowledge and skills area in Table 1 .
We observe that management and quantitative methods are also most cited knowledge and skills areas in terms of SCM education whilst law and legal knowledge is recognised by fewer researchers (Murphy and Poist, 1991 , 1998 , 2007 Mangan and Christopher, 2005) .
However, to be comprehensive, we include all knowledge and skills areas identified in these key papers to analyse the curricula of the programmes. Therefore, despite the fact that the law / legal knowledge and skills area is identified by only two of the papers, we still incorporate it into our synthesis since it is a valid knowledge and skills area offered on supply chain related programmes. To summarize, from a SCM education perspective, we consider inclusion of SCM knowledge and skills under 'business skills' in Murphy and Poist (1991 , 1998 , 2007 an underestimation, since SCM is multidisciplinary and supported by management, quantitative methods, Information Systems / Information Technology (IS / IT) or finance disciplines. We take on the classification of Mangan and Christopher (2005) with caution because the groups of knowledge and skills areas they identify are not comprehensive and there is an overlap between these areas, i.e. project management and change management are listed as skills but not knowledge areas, which seems contrary to the extant literature analysing these as belonging primarily to the broad area of management knowledge. However, we acknowledge that these are the themes that have emerged from their field research. Although there is a wide consensus on which knowledge and skills areas should be included in SCM programmes, we see in Kopczak and Fransoo (2000) no clear distinction between the knowledge and skills areas to be incorporated in a supply chain project module. A single module cannot address all aspects that would be included in a SCM related graduate level programme, however it is interesting that the marketing and sales function is regarded as a soft SCM skill. Social, decision making, problem solving and time management skills highlighted in Myers et al. (2004) are listed in addition to the formal SCM related education. They are also provided on a number of the graduate level programmes under quantitative methods (decision making, problem solving) or soft skills (social, time management) which signals the lack of a formal framework for understanding and analysing the knowledge and skills areas offered in SCM related programmes.
We clearly observe in our literature the importance attached to soft skills. These skills are explained as communication, writing, leadership and language skills and they are highlighted in each paper in Table 1 . Despite the importance of soft skills highlighted by researchers, modules on soft skills are included sparingly in SCM related graduate programmes. In conclusion, the literature suggests a balanced, multidisciplinary approach to SCM education.
Eventually, SCM will be regarded as a concept that is supported by the traditional business functions, such as marketing, human resources, finance and accounting because, in essence, SCM is the coordination of the material, information and capital flows between all entities involved in the provision of products or services to the end consumers.
Methodology
Building on the knowledge and skills areas we identify in our literature review, we survey the curricula of a sample of SCM related graduate programmes. We analyse the modules offered in the curricula of these programmes with respect to the eight knowledge and skills areas identified in Table 1 and also detail subareas which we present in the Findings section.
We follow a three stage approach in our research. In the first stage, we determine the sample and then collect data comprised of the programmes and the modules included in the curricula of these programmes. We base our sample on the programmes listed in the ELA's Master Programmes in Logistics in Europe (ELA, 2004) , which constitute our 2004 data. Then, to analyse trends, we revisit these programmes in 2011 and collect module information from their websites (see Appendix 1, Table 14 ). We observe a large number of changes in terms of the programme titles and the knowledge and skills areas offered in the modules of such programmes (detailed in Findings section).
In the second stage, we classify the modules of the programmes in 2004 and 2011 according to the knowledge and skills areas, which we have synthesized from the literature review. Due to the unavailability of comparable information across all programmes, such as module aims or learning objectives, this classification is based only on module names. We assume that the module name indicates the broad knowledge and skills area addressed in the module. In a similar vein, it is not possible to incorporate the prerequisite information to our analyses since this information is not publicly available for all of the programmes. So we assume that there is no prerequisite relation among the various modules of a programme. Once we determine which knowledge and skills area a module is offering, we are able to determine the configuration of these programmes and how the changes in the presence of knowledge and skills are reflected in the period between 2004 and 2011.
In the third stage, we perform cluster analysis to establish whether there are specific areas concentrated on by different groups of programmes. Cluster analysis, like factor analysis and multidimensional scaling, is an interdependence method where the relationships between objects and subjects are explored without a dependent variable being identified. We follow the framework suggested by Saunders (1994) for conducting cluster analysis and employ hierarchical cluster analysis based on the frequency counts of the modules in the knowledge and skills areas. Since frequency counts cannot be treated as interval scale data, we use chisquared measures for calculating similarities between the programmes (Greenacre and Blasius, 2006) . Chi-square distance is a special version of weighted Euclidean distance which uses the relative counts and standardizes these counts based on the mean values (Greenacre and Blasius, 2006) . We use the 'between group linkage' clustering procedure to create the clusters. This procedure calculates the similarity of two clusters using the average similarity of all individuals in one cluster with all individuals in another cluster (Hair, 2010) . The 'between group linkage procedure' does not depend on extreme values; therefore it is less affected by outliers and also it tends to generate clusters with small within-cluster variation.
In addition, we use dendrograms to choose the desired number of clusters (Kaufman and Rousseeuw, 1990 ) and the observations grouped together at various levels of the topology are inspected further for validating the results (Brock et al., 2008) . Demonstration of the statistical significance and stability of a cluster solution is necessary before the clusters can be used for inference (Punj and Stewart, 1983) . We assess the stability of the clusters by the number of cases assigned to the same cluster across cluster solutions (Hair et al., 2010) . The next section presents our findings.
Findings
We analyse a total of 19 programmes in 2004 and 15 in 2011 (Table 2 ) due to closure of four programmes in the initial sample (marked as Discontinued in Table 2 Table 2 with the school offering the programme indicated in the first column in alphabetical order. We provide the key, which we later refer to in subsequent analyses in the first column of Table 2 In Table 3 , we provide the classification of modules into the eight knowledge and skills areas that we have determined from the literature. We also derive subareas under the knowledge and skill areas from our analysis of the curricula. These subareas follow logically from the knowledge and skills area, as they are topics or themes studied in the respective knowledge and skills area. We give knowledge and skills areas in Table 3 Subsequently, the sum of the percentage of each knowledge and skills subarea within a knowledge and skills area is 100%. For example, the sum of core SCM, logistics, transportation, materials management, production planning, purchasing / procurement and green SCM is 100% within the supply chain management knowledge and skills area. We use SCM subareas to analyse the programmes in more detail. The relatively stable areas observed in our research include finance / economy, law / legal and soft skills but the proportion of these areas is small in comparison to the others.
Excluding the marginal increase in the Law / Legal area, the trend is to increase the SCM knowledge in the programmes and to decrease the presence of other knowledge and skills
areas. This contradicts with the literature suggesting a balanced, multidisciplinary approach to SCM education. We observe a more balanced distribution of subareas in Management and Finance / Economy areas. In addition, the programmes tend to introduce Quantitative Methods, IS / IT and Soft Skills areas with umbrella modules which may be regarded as "taster" modules in the related areas. In Section 4.1. we use the knowledge and skills areas to analyse the configuration of programmes whereas in Section 4.2. we perform a similar analysis based on SCM knowledge and skills subareas.
Clustering of programmes at curriculum level
Initial cluster analysis was performed on the knowledge and skills areas and revealed two distinct clusters, which we label as Focused and Diversified, both in 2004 and 2011. The
Focused group, as the name implies, includes those programmes that are focused on the area of SCM and offer modules from other knowledge and skills areas at a negligible level or do not offer them at all. On the other hand, the programmes in the Diversified group offer higher number of modules from knowledge and skills areas apart from the SCM area. Table 4 presents the mean number of modules in each knowledge and skills area for Focused and Since we study count data (i.e. number of modules in each knowledge and skills area) and we cannot assume the data have a distribution of Gaussian type, we use the nonparametric MannWhitney U-test to compare the two clusters (Lehmann, 1975) . In both analysis years, the difference between the median number of modules in programmes in the Focused group and the Diversified group is significant (Table 5) . It is also evident from Table 4 
Figure 1 Focused and Diversified clusters apparent in 2004 and 2011 data
It is evident in Figure 1 that the presence of other knowledge and skills areas has almost disappeared in the Focused group in 2011. This contradicts the suggestions we highlight in the literature review which state that SCM related programmes should also incorporate a diverse range of knowledge and skills areas. The reason for this may be the low marginal representation of these areas in 2004 and the difficulty in measuring the tangible contribution of these areas to the programme. In Table 6 , we provide the schools and programmes using the key we present in Table 2 (Table 7) . With this configuration, this programme is unique, and does not resemble any other programme in the sample. has a lower number of modules than the sample average in SCM and significantly higher number of modules than the sample average in law ( Table 8 ). In that respect, the MBA in Supply Chain Management programme at Cardiff University (UK) is again distinctly different from the rest of the sample. without changing its name. A detailed analysis on this programme reveals that the number of modules in the programme is reduced by 56.5% (from 23 to 10) and this reduction has led to total exclusion of modules in management (from 4 to 0), in IS / IT (from 1 to 0) in marketing (from 3 to 0) and in soft skills (from 3 to 0). Also, the number of SCM related modules is decreased from 9 to 8 and the number of finance and economy related modules are decreased from 2 to 1. Apart from that, the clusters are robust and those programmes which have not changed their names in the two analysis periods have also not changed their clusters (i.e.
Focused / Diversified). In the next subsection we further analyse the programmes in terms of their SCM related modules to provide more insight into the characteristics of the programmes.
Clustering of programmes at SCM modules level
From the literature and the analysis of the individual modules in our 2004 and 2011 samples, the SCM area is divided into seven subareas; namely, core SCM, logistics, transportation, materials management, production planning, purchasing / procurement and green SCM. The same clustering algorithm is used to reveal the two groups of programmes in 2004 and 2011
as Compact and Expanded in terms of the number of modules they offer in each SCM knowledge and skills subarea (Table 9) . When we analyse the programmes with respect to subareas of SCM knowledge, we find that there are two groups of clusters similar to the previous analysis. Programmes in both groups offer modules that are classified into the subareas of SCM knowledge; however, the difference relates to the number of modules offered in each subarea. For a comparison of clusters in the SCM knowledge subareas, again we use the nonparametric Mann-Whitney Utest. In both analysis years, the difference between the median number of modules in programmes in the Compact group and the Expanded group is significant (Table 10) . It is also evident from Figure 2 that the programmes clustered as Compact offer the same type of programmes in the Expanded group with the only difference being the number of modules offered in each subarea. Apart from these observations, the representation of SCM knowledge subareas is very similar in both groups. 
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Figure 2 Compact and Expanded clusters with respect to SCM detail in 2004 and 2011 data
Clusters of individual programmes with respect to SCM detail are given in Table 11 . There is only one outlier (3: outlier 1 in Table 11) We iterate our analysis of the programmes one step further and present their membership to 2004 to 2011 which show that on average the proportion of core SCM modules is increasing whereas the proportion of logistics modules is decreasing. Based on these observations, we conclude that the SCM education is becoming more concentrated on the core SCM knowledge subarea instead of incorporating a number of different SCM knowledge subareas.
Framework for designing supply chain programmes
Based on the analyses we have conducted in Sections 4.1. and 4.2, we propose the following two frameworks (Table 12, Table 13 ) to be used by the academia for designing new programmes or reviewing existing programmes on SCM education at graduate level. In Table   12 and Table 13 , the figures are the interquartile range ሾܳ ଵ , ܳ ଷ ሿ in the Focused / Diversified and Compact / Expanded clusters we present in Section 4.1. and Section 4.2., respectively. According to Table 12 , if a new, Focused programme on supply chain is to be designed at the graduate level, then six to nine SCM modules can be offered along with zero to two modules in quantitative methods and zero to one module in finance / economy knowledge and skills areas. A programme which positions itself as Focused would not include modules in management, IS / IT, marketing, law / legal and soft skills knowledge and skills areas. Total number of modules can be six to twelve.
On the other hand, a Diversified programme can include seven to 14 modules in SCM, two to four modules in management, three to six modules in quantitative methods, one to two modules in IS / IT, one module in marketing, one to three modules in finance / economy, zero to one module in law / legal and one to two modules in soft skills knowledge and skills areas.
Total number of modules could be 18 to 26. Repeating the analysis for SCM knowledge and skills subareas, we propose the following framework (Table 13) to be used for the design or review of Compact and Expanded programmes. In a similar vein, a programme that would position itself as Compact can include one to four modules in core SCM, zero to two modules in logistics, zero to one module in transportation, materials management, production planning and purchasing / procurement and zero modules in green SCM knowledge and skills subareas. The total number of modules in SCM knowledge and skills area can be five to eight. In comparison, an Expanded programme can include two to seven modules in core SCM, three to four modules in logistics, one to four modules in transportation, zero to two modules in materials management, zero modules in production planning, zero to one module in purchasing / procurement and one module in green SCM knowledge and skills subareas with the total number of modules ranging from nine to 16.
Moreover, the directors of the existing programmes can compare their curricula to the figures we present here and use this Focused / Diversified and Compact / Expanded approach to promote their programmes in the education market. It is also possible to use these frameworks for revision purposes if there is a decision to position the existing programme as, for example, a Focused and Compact programme.
Conclusions
In this study, we examine a sample of SCM related graduate programmes in Europe in two This research analyses programmes from the providers' point of view and programmes are generally designed depending on the teaching and research interests of the available faculty at the institution (Lancioni et al., 2001; Ankers and Brennan, 2002) . It is recognized by the academia that SCM education has lagged behind the needs of the industry (Ozment and Keller, 2011) .
The practical implications of this research are threefold: (1a, 1b) it can assist the academia in their design of future and review of existing programmes on supply chain management; (2) it can help prospective graduates in their selection of programmes; and (3) it can assist managers in their recruitment process. We unfold these implications as follows:
1a: When a new programme on supply chain management is to be launched, there are several strategic decisions to be made. We try to clarify these decisions by analysing the available programmes and presenting the emerging patterns at the programme level (Focused or Since finding the right workforce for supply chain operations is of critical importance for any company, managers can also see the supply chain management qualification of the job applicant from the viewpoint of the eight knowledge and skills areas which we have synthesised and match the qualification with the requirements of the job.
The programmes can only be fully assessed if the industry perspective is also incorporated into the research and if the researchers investigate how important these knowledge and skills areas are as well as how frequently they are required in day to day operations in managing supply chains. Therefore future research should explore which areas of supply chain education have fallen behind industry requirements so as to direct universities and education institutions in shaping their programmes to meet the requirements of the industry. There may be certain discrepancies as the needs of the industry may differ with respect to the geographical location or the industry itself. This may lead to development of innovative industry-and location-specific programmes in the medium term. The difference in the terminology used in the US and the UK: the American term "course" has the same meaning as the British term "module" (http://www.fulbright.org.uk/pre-departure/academics/academic-terminology-differences). This paper follows the British terminology.
